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Abstract
The aim of this study was to analyze survival, wound healing and ambulation after knee disarticulation
(KD). A historic cohort study using medical records and nursing home records was performed. Data
included demographics, reason for amputation, concomitant diseases, survival, wound healing, re-
amputation and ambulation. Data of 80 patients (71 unilateral and nine bilateral amputees) were
available for evaluation. Median follow-up was 9.9 years (IQR: 4.1; 14.3 years). Mean age of
amputation was 76.9 (+ 9.6) years. Reason for amputation was gangrene in 72 patients. Most
common concomitant (96%) disease was peripheral arterial disease (PAD). Survival after 1, 6 and 12
months was 87%, 65% and 52%, respectively. Delayed wound healing occurred in 42% (n¼ 16) of the
patients with two or three concomitant diseases and in 15% (n¼ 6) of the patients with no or one
concomitant disease. Trans-femoral re-amputation was performed in nine (12%) patients. Of the 61
discharged KD amputees, 36 (59%) were provided with a prosthesis. Eventually 21 (34%) patients
became household walkers.
Keywords: Knee disarticulation, survival, wound healing, ambulation
Introduction
Despite continuing medical progress and improvements in general living conditions, we
increasingly ﬁnd ourselves faced with elderly, multiple ill patients in whom the limits of
reconstructive procedures for peripheral arterial disease (PAD) have been reached. These
patients account for more than 90% of all limb amputations.1–3 When vascular intervention
in lower limbs by non-invasive or operative treatment has failed, lower limb amputation may
be the only option to save the life of a patient. After consultation with a rehabilitation team
the surgeon then has to decide on the level of amputation, bearing in mind that maintenance
of ambulation is an important factor associated with preserving independence.4
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An important goal in the care of the patient who requires amputation is to retain the knee
joint, given its contribution in preserving ambulation.5 Ideal stump length for trans-tibial
amputation (TTA) is approximately 15 cm below the knee joint.6 Whenever this margin is not
feasible, or an adequate soft-tissue envelope of mobile muscle or full-thickness skin in areas
of load transfer can not be retained, a more proximal knee disarticulation (KD) or trans-
femoral amputation (TFA) should be considered.
Before the use of surgical anaesthesia, the advantage of KD was the speed of surgery
and the limited amount of associated bleeding (as this technique does not violate or transect
any muscle bellies). Additionally, KD has the advantage of maintaining the cartilage barrier
which potentially reduces the risk of infection, which is especially important in compromised
patients.7–9 Clinically, the most important advantages of KD procedures are direct load
transfer to the residual limb with enhanced walking independency and less energy
consumption compared to TFA.7,10–13 KD combined with polycentric (exo-skeletal)
prosthetic joints, can oﬀer considerable walking stability in geriatric patients.9,12
Although Smith described a KD as early as 1824,14,15 it initially never gained the
popularity as the TFA did, because of assumed greater risk of delayed wound healing with
necrosis and/or infection leading to re-amputation.13,16,17 Ever since, surgical techniques
have used a variety of surgical ﬂap designs to reduce these problems.7,13,16,18–22
Despite increasing popularity during the past 20 years,23 KD still receives little attention.16
Yet, enhanced stability of walking (better mobility) after KD, as well as lower mortality rates
as compared to TFA suggests a more prominent role of KD.12,13,24 Potential ambulatory
patients who have a substantial knee-ﬂexion contracture can be successfully ﬁtted with and
use a prosthesis after KD. In non-ambulatory patients muscle imbalances in trans-tibial
amputees may induce knee-ﬂexion and hip contracture, whereas a hip ﬂexion-abduction
contracture may result following TFA. Patients with knee-ﬂexion contractures are prone to
pressure ulcers on the distal stump. The stump of the trans-femoral amputee provides little
support for sitting in a chair and the lever arm is ineﬃcient for use in transfers.8 A short
stump results in decreased trunk stability and limited ability to lean forward in case of
bilateral TFA. Concluding, KD can be an appropriate alternative for TTA and TFA,
depending on patient and treatment intentions.25–27
The aim of this study was to analyze survival, wound healing and ambulation after KD in
patients predominantly suﬀering from peripheral arterial disease.
Methods
Design and setting
A historic cohort study was performed using medical records and nursing home records. Of
all lower limb amputations all KDs between July 1989 and March 2006 were selected. One
surgeon (HV) in a single 340-bed community hospital in the north of The Netherlands carried
out all amputations. The medical records and nursing home records included data on patient
demographics, concomitant diseases such as diabetic mellitus, cerebrovascular diseases,
cardiovascular diseases and systemic diseases (e.g., rheumatoid arthritis), reason for
amputation, previous ipsilateral revascularisation, previous ipsilateral amputations, and
postoperative data, including survival, wound healing, infection, re-amputation trans-
femoral, dressing method, hospitalisation time, discharge destination, prosthesis ﬁtting and
ambulation level. Data from the records were entered in a database. Dates of death were
veriﬁed using the hospital’s computerized patient records or death certiﬁcates derived from
municipal oﬃces. Data concerning prosthesis ﬁtting and ambulation were retrieved from
records of the rehabilitation centres and nursing homes.









































During the study period 84 consecutive patients underwent 93 KDs using sagittal ﬂaps. Data
of four patients (four amputations) were excluded from the study because of incomplete
records, leaving 80 patients for evaluation. Median follow-up was 9.9 years (IQR: 4.1; 14.3).
Descriptive statistics of patients, reason for amputation, concomitant diseases and previous
ipsilateral procedures are summarized in Table I.
The mean age of women (79.0+ 9.9) at the time of amputation was slightly higher than
that for men (74.4+ 9.2).
The median interval between the last vascular reconstruction and the KD was 8.9
months (IQR: 1.1; 52.6). The median interval between a previous ipsilateral amputation
and the KD was 3.4 months (IQR: 1.6; 20.4). Median hospitalisation time was 36.5 days
(IQR: 17; 68.8).
Survival
Three (4%) patients died within three days after the amputation from cardiopulmonary
complications and renal failure. Overall, 10 (13%) patients died during hospitalisation.
Survival after 1, 6 and 12 months was 87%, 65% and 52%, respectively. Survival of patients
with a bilateral KD was considerably poorer than of patients with a unilateral amputation
(Figure 1).
Wound healing
Because three patients died in the very early post-operative phase, data of these patients
were excluded from the wound healing analysis, leaving a data set of 77 patients for
analysis.
In 65 (84%) patients wounds had healed. In 55 (71%) patients wounds had healed
primary. In 10 (13%) patients wounds healed, but delayed (Table II). Of these patients 6
(8%) had developed a wound infection (determined by positive culture or prescription of
antibiotics aimed at an infection of the stump wound). Two patients were treated with sterile
maggots and four patients underwent de´bridements. Nine (12%) patients were re-
amputated trans-femoral. Six of them were performed for necrosis, one for pressure ulcers
and one because of a wound infection. Three (4%) patients died before their wounds
had healed. Of the patients with two or three concomitant diseases 42% (16/38) had a
delayed wound healing. Of the patients with no or one concomitant disease 15% (6/39)
had a delayed wound healing. This diﬀerence, 27% (95% CI: 7–44%) is signiﬁcant
(p¼ 0.009). Diabetes mellitus was not associated with delayed wound healing (p¼ 0.678).
We did not look into the relationship smoking and delayed wound healing. No signiﬁcant
diﬀerence was found in delayed wound healing between the patients receiving an elastic
bandage (31%, n¼ 16) compared to the group receiving plaster of Paris (23%, n¼ 6)
(p¼ 0.447).




































After a median interval of 2.1 months (IQR: 1.0; 18.7), nine patients (12%) were
amputated again contra-laterally at KD level due to PAD. Of the patients who had an
ipsilateral amputation at the level of the foot or tibia before KD, none needed a TFA in an
alternate phase.
Discharge and ambulation
Ten (13%) patients died in hospital. Forty-six (58%) patients were rehabilitated in a nursing
home and 15 (19%) patients went to a rehabilitation centre as inpatients. Six (8%) patients
received day-care rehabilitation (out-patients) and three (4%) patients went home without
rehabilitation treatment.
Table I. Descriptive statistics concerning patients (n¼ 80), reason for amputation, side of amputation, concomitant
diseases, previous ipsilateral procedures and postoperative dressing method.
Variables






Acute vascular insuﬃciency 4% (3)
Vascular disease stage III 1% (1)
Knee contracture 1% (1)
Amputated side
Right side 39% (31)
Left side 50% (40)
Bilateralþ 11% (9)
Concomitant diseases
Peripheral arterial disease 96% (77)
Cardiovascular disease 64% (51)
Diabetes mellitus 53% (42)
Cerebrovascular disease 31% (25)
Systemic diseases 5% (4)
Number of concomitant diseases
1 co-morbidity 49% (39)




level of the foot* 10% (8)
trans-tibial 8% (6)
Postoperative stump dressing#
Elastic bandage 68% (54)
Plaster of Paris 33% (26)
þOne patient underwent a bilateral amputation in one session. The other patients were amputated on the
contralateral side in an alternate phase.
#Due to rounding of the percentages exceed 100%.
*One patient underwent a trans-tibial amputation in a later stage.




































Of the 61 discharged knee-disarticulation amputees (trans-femoral amputees (n¼ 9) and
patients deceased in hospital (n¼ 10) were not included in this analysis), 36 (59%) patients
were provided with a prosthesis and 11 (18%) were not. For 14 (23%) patients these data
were not available. In total 34% (21 of 61 discharged knee-disarticulation amputees)
Figure 1. Survival after knee disarticulation in months.






No wound healing resulting in TFA 12% (9)
Died before healing 4% (3)
Discharge destination#
Nursing home 58% (46)
Rehabilitation center 19% (15)
Rehabilitation day-care 8% (6)
Home 4% (3)
Died in hospital 13% (10)
Discharged KD amputees
Provided with a prosthesis 59% (36)
Not provided with a prosthesis 18% (11)
Missing data 23% (14)
Ambulation with prosthesis
Household walkers 58% (21)
Wheelchair-bound 31% (11)
Missing data 11% (4)
#Due to rounding oﬀ, the percentages exceed 100%.




































became household walkers, 11 (18%) were wheelchair-bound. Four patients were able to
walk more than 500 m with the aid of walker or crutches. For four patients data on
ambulation status were not available (Table II).
Discussion
Patients with a bilateral KD had a poorer survival using sagittal ﬂaps after 1, 6 and 12
months (87%, 65% and 52%, respectively) compared to those amputated unilaterally.
Delayed wound healing (29%, n¼ 22) was signiﬁcantly related to two or more concomitant
diseases. Wound healing occurred in 84% of the patients. Of the discharged knee-
disarticulation amputees, 36 (59%) were provided with a prosthesis. Twenty-one (34%)
patients became household walkers.
Our survival of 87% one month after KD was favourable compared with the 80% survival
found previously for a similar procedure,28 also because in the latter study the mean age of
the patients was 72 years whereas in the current study the mean age is 79 years. Our
results seem to be comparable with the literature regarding the in-hospital 48-day survival
after gastrocnemicus ﬂap procedures (ranging from 78–91%)3,19,23,28 Twelve months
survival of 52% in our study could not be compared, because previous studies used diﬀerent
follow-up periods.19,23–25,29,30 A survival rate of 48% after 26 months in the study of Kock
et al. was more favourable than our results, but the mean age (66.7+ 11.3) of their sample
(n¼ 66) was statistically signiﬁcant (p5 0.001) lower than our sample.23 Clinically, our data
indicated that 52% of the patients survived after 12 months who would otherwise have been
deceased because of gangrene. These patients were critically ill and an amputation was
their only hope to extend their lives.
Survival after bilateral KD was considerably poorer compared to survival after unilateral
KD (Figure 1). Presumably, these patients were more ill; the contra-lateral KD after a
median period of 2.1 months and their poor survival were a consequence of this illness.
Primary wound healing rate of 71% in the current study was identical with the rates found
previously,23,28 but as mentioned before, the mean age of amputation in those studies was
considerably lower. Two or more concomitant diseases inﬂuenced wound healing
considerably. Diabetes as a single concomitant disease did not inﬂuence wound healing
as was found previously.31
For many years, TFA was recommended because of the supposed better wound
healing compared to that at a more distal level.5,13 However, pooled data from large series
showed a total healing rate of approximately 85% in TTA procedures, which was
better than rates found previously for TFA procedures.5 In comparable samples sizes
for KD procedures, diﬀerent wound healing rates ranging from 40–80% are
described.13,19,23–25,29,30 Comparatively, a primary healing of 71% and a secondary healing
rate of an additionally 13% in this study were identical with results in other KD procedures
and almost equal with those found for TTA procedures. Thus, assumed delayed wound
healing is not a reason for performing an initial TFA to be sure of better healing at a more
proximal level than KD.
Re-amputation at a trans-femoral level was necessary in only nine (12%) patients.
Compared to re-amputation rates after conventional KD procedures (ranging from
19–40%),24,30,32 our results seem favorable. Compared to KD procedures using a
gastrocnemicus ﬂap, our results are similar to Klaes and Eigler (1985)19 and Kock et al.
(2004).23
At present, no established test can predict the optimal level of amputation, related
wound healing and level of ambulation after amputation. Predicting whether an amputation




































wound is likely to heal is challenging, since patients who are predicted to have
adequate wound healing could be ambulatory immediately after surgery, which is likely to
improve both their physical and psychological state.33 Skill and experience of the
surgeon are still important factors in determining level of amputation. It is notable, that
of the six patients who had a KD after TTA, none developed an infection or wound
healing problem requiring further revision to TFA, thus the amputation level was
appropriate.
Advancing recovery, post-operative rigid dressings are strongly recommended, because
of local protection of the wound and the prevention of oedema and knee-ﬂexion
contractures.34,35 However, the optimal stump dressing method after KD is not well studied.
Nevertheless, some reviews reveal a trend in favour of rigid and semi-rigid dressings for
achieving stump healing and reduction of stump volume. Primary wound healing after TTA
occurs earlier in case of rigid dressings.34,35 In the current study, no signiﬁcant diﬀerence in
wound healing between patients postoperatively treated with soft dressings and patients
treated with rigid dressings was found.
Only a limited percentage (45%) of the original 80 amputees could be provided with a
prosthesis and only 26% became ambulatory. These results do not seem too favourable at
ﬁrst glance compared to patients in other studies (29–77%).23,24,28 However, our patients
were considerably older compared to other studies. Furthermore, other studies relate the
rates of prosthesis provision and ambulation to the number of patients discharged. If we
calculate our data accordingly 59% of the patients were provided with a prosthesis and 58%
of those became household walkers. After this calculation our data still remain somewhat
less favourable.
A limitation of our data was that data of 14 patients with respect to prosthesis provision
and four with respect to ambulation level could not be retrieved. Our results only remain less
favourable if all missing data concern patients who are not provided with a prosthesis and
are wheelchair-bound.
Another limitation of our study was the retrospective design. Medical records of four
patients were not complete. Nursing home records of the rehabilitation facilities were of
moderate quality. Many data were missing as mentioned above. Further, the data from the
medical records and the nursing home records had to be interpreted and some times
arbitrary decisions had to be made. In case of such decisions two observers in consensus
decided what was to be entered in the data base.
Clinically, amputation should be regarded as a reconstructive procedure that is designed
to restore function and attempt to allow the patient to return to an independent lifestyle.
Ambulation after amputation, with or without the use of aids, represents a major
achievement. Whenever the knee joint cannot be saved a TFA should be avoided in
favour of KD. There are no grounds for performing an initial TFA to spare the patient an
additional operation. Although quality of medical care and therapeutic options are improving
every year, the one year survival of knee-disarticulation amputees is low.
Acknowledgements
The authors thank the Department of Surgery of Nij Smellinghe Hospital Drachten for
conducting this study. They would like to express their gratitude to the rehabilitation centres
and nursing homes for the provision of data.
Declaration of interest: The authors report no conﬂicts of interest. The authors alone are
responsible for the content and writing of the paper.





































1. Ebskov B, Ebskov L. 1996. Epidemiology. In: Murdoch G, Wilson Bennet A Jr, et al., editors. Amputation:
Surgical practise and patient management. Oxford: Butterworth-Heinemann. pp 23–29.
2. Dormandy JA, Rutherford RB. 2000. Management of peripheral arterial disease (PAD). Tasc Working Group.
TransAtlantic Inter-Society Consensus (TASC). J Vasc Surg 31:S1–296.
3. Greitemann B, Baumgartner R. 1994. Amputation in geriatric patients. Orthopade 23:80–87.
4. Taylor SM, Kalbaugh CA, Blackhurst DW, et al. 2005. Preoperative clinical factors predict postoperative
functional outcomes after major lower limb amputation: An analysis of 553 consecutive patients. J Vasc Surg
42:227–235.
5. Bowker JH. 2004. Transtibial amputation: surgical management. In: Smith DG, Michael JW, Bowker JH. Atlas
of amputations and limb deﬁciencies. Surgical, prosthetic and rehabilitation principles. Rosemont: American
Academy of Orthopaedic Surgeons. pp 481–501.
6. Burgess EM. 1968. The below-knee amputation. Bull Prosthet Res 10:19–25.
7. Bowker JH, San Giovanni TP, Pinzur MS. 2000. North American experience with knee disarticulation with use
of a posterior myofasciocutaneous ﬂap. Healing rate and functional results in seventy-seven patients. J Bone
Joint Surg Am 82:1571–1574.
8. Pinzur MS, Smith DG, Daluga DJ, Osterman H. 1988. Selection of patients for through-the-knee amputation.
J Bone Joint Surg Am 70:746–750.
9. Pinzur MS. 2004. Knee disarticulation: surgical management. In: Smith DG, Michael JW, Bowker JH, editors.
Atlas of amputations and limb deﬁciencies. Surgical, prosthetic and rehabilitation principles. Rosemont:
American Academy of Orthopaedic Surgeons. pp 517–523.
10. Houghton A, Allen A, Luﬀ R, McColl I. 1989. Rehabilitation after lower limb amputation: a comparative study of
above-knee, through-knee and Gritti-Strokes amputations. Br J Surg 76:622–624.
11. Pinzur MS, Gold J, Schwartz D, Gross N. 1992. Energy demands for walking in dysvascular amputees as
related to the level of amputation. Orthopedics 5:1033–1037.
12. Pinzur MS. 1993. Gait analysis in peripheral vascular insuﬃciency through-knee amputations. J Rehabil Res
Dev 30:388–392.
13. Stirnemann P, Mlinaric Z, Oesch A, Kirchhof B, Althaus U. 1987. Major lower extremity amputation in patients
with peripheral arterial insuﬃciency with special reference to the transgenicular amputation. J Cardiovasc Surg
28:152–158.
14. Norman TK. 1944. The development of amputation. Bull Med Libr Assoc 32:132–163.
15. Smith N. 1825. On amputation on the knee joint. Am Med Rev J 2:370–371.
16. Cull DL, Taylor SM, Hamontree SE, et al. 2001. A reappraisal of a modiﬁed through-knee amputation in patients
with peripheral vascular disease. Am J Surg 182:44–48.
17. Utterback TD, Rohren DW. 1973. Knee disarticulation as an amputation level. J Trauma 13:116–120.
18. Jansen K, Jensen JS. 1983. Operative technique in knee disarticulation. Prosthet Orthot Int 7:72–74.
19. Klaes W, Eigler FW. 1985. A new technic of transgenicular amputation. Chirurg 56:735–740.
20. Rogers SP. 1940. Amputation at the knee joint. J Bone Joint Surg 22:973–979.
21. Vitali M, Robinson KP, Andrews BG, Harris EE, Redhead RG. 1986. Amputations and prostheses. London:
Bailliere Tindall. pp 146–160.
22. Wagner FW Jr. 1979. Management of the diabetic-neurotrophic foot. A classiﬁcation and treatment program for
diabetic, neuropathic and dysvascular foot problems. Instr Course Lect 28:143–165.
23. Kock HJ, Friederichs J, Ouchmaev A, Hillmeier J, Von Gumppenberg S. 2004. Long-term results of through-
knee amputation with dorsal musculocutaneous ﬂap in patients with end-stage arterial occlusive disease. World
J Surg 28:801–806.
24. Stirnemann P, Althaus U. 1983. Transgenicular amputation: An alternative to thigh amputation? Chirurg
54:170–174.
25. Kock HJ, Walz MK, Krause U, Klaes W, Eigler FW. 1994. Results of transgenicular amputation with dorsal skin-
muscle ﬂap-plasty in patients in the ﬁnal stage of arterial occlusive disease. Chirurg 65:1028–1033.
26. Murdoch G, Jacobs NA, Wilson AB. 1990. Report of ISPO Consensus conference on amputation surgery.
ISPO Copenhagen Denmark; ISBN: 87-89809-01-7.
27. Rommers GM. 2000. The elderly patient. Thesis. Rijks Universiteit Groningen.
28. Moran BJ, Buttenshaw P, Mulcahy M, Robinson KP. 1990. Through-knee amputation in high-risk patients with
vascular disease: Indications, complications and rehabilitation. Br J Surg 77:1118–1120.
29. Heinz J. 1992. Transgenicular amputation with myocutaneous gastrocnemius ﬂap in arterial occlusive disease.
Zentralbl Chir 117:167–170.
30. Krause U, Schmidt G, Littmann K. 1984. Knee joint exarticulation: Alternative to distal femoral amputations in
arterial occlusive disease stage III and IV. Zentralbl Chir 109:436–440.




































31. Aulivola B, Hile CN, Hamdan AD, et al. 2004. Major lower extremity amputation: outcome of a modern series.
Arch Surg 139:395–399.
32. Howard RR, Chamberlain J, Macpherson AI. 1969. Through-knee amputation in peripheral vascular disease.
Lancet 2:240–242.
33. Pell JP, Donnan PT, Fowkes FG, Ruckley CV. 1993. Quality of life following lower limb amputation for
peripheral arterial disease. Eur J Vasc Surg 7:448–451.
34. Deutsch A, English RD, Vermeer TC, Murray PS, Condous M. 2005. Removable rigid dressings versus soft
dressings: A randomized, controlled study with dysvascular, trans-tibial amputees. Prosthet Orthot Int 29:193–
200.
35. Nawijn SE, Van der Linde H, Emmelot CH, Hofstad CJ. 2005. Stump management after trans-tibial amputation:
A systemic review. Prosthet Orthot Int 29:13–26.
60 K. Ten Duis et al.
D
o
w
n
lo
ad
ed
 B
y:
 [
Un
iv
er
si
ty
 o
f 
Gr
on
in
ge
n]
 A
t:
 1
6:
35
 2
5 
Oc
to
be
r 
20
09
